Introduction
Low dose rate (LDR) brachytherapy has rapidly gained popularity in the USA [1, 2] and Europe [3, 4] as an accepted, effective and safe therapy for localized prostate cancer. Many reports are now available which confirm good outcomes in selected patients with PSA relapsefree survivals that are equivalent to those achieved by surgery.
The potential for a therapy that is equally efficient but less harmful than other interventions is especially attractive for patients with early prostate cancer.
On the other hand, treatment with temporary high dose rate (HDR) brachytherapy with 192-Ir as monotherapy has a number of advantages compared to LDR. The overall treatment time is decreased from many months with LDR to several minutes with HDR. Besides, HDR improves the dose distribution because of the possibility of accurately controlling the source and vary the source dwell time during treatment. The intraoperative optimization used with HDR allows better source position targeting with the potential for limiting toxicity. There are also advantages in radiation safety for both staff and patient who leave the treatment room without any radioactive implants.
The purpose of this chapter was to determine the possibility to treat patients with favorable stage prostate cancer (5, 6) with HDR monotherapy in one fraction and transperineal hyaluronic acid injection into the perirectal fat.
Brachytherapy implant characteristics
Patients received one implant and one fraction of HDR. Fraction dose is 20.5 Gy because it is considered to correspond biologically (biologic effective dose) to > 90 Gy administered at 2 Gy/fraction according to the linear quadratic model, assuming an α/β of 1.2 Gy (7, 8, 9, 10) .
Brachytherapy procedure is done under spinal anesthesia with the patient in the lithotomy position ( Fig. 1) . A Foley catheter is placed, and the bladder is partially filled with 100 cm 3 of sterile water. The needles are positioned ( Fig. 2 ) by transperineal placement under real time TRUS guidance using a template. Axial cross-sections is captured in 5mm steps and transferred to the Treatment Planning Software. Prostate gland, normal structures (urethra and rectum) and needle positions are identified and mapped based on the ultrasound image. Dose optimization is done on the reconstructed applicator geometry using dose point and manual optimization algorithms to determine dwell positions and times ( Fig. 3 ). The prostate without safety margins is then defined as the planning target volume (PTV) to be treated ( Fig. 4 ) with the prescribed dose (PD).
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• The rectal dose is calculated at the anterior edge of the TRUS probe and is limited to ≤ 75% of the prescription dose.
• The dose to any segment of the urethra is limited to ≤ 110% of the prescription dose. V120 and D100 of the prostatic urethra are determined (volume that received a dose of 120% and dose delivered to 100% of the urethra).
• The PTV V90, V100, V150 and V200 (% of PTV receiving 90%, 100%, 150% and 200% of the PD) are recorded.
• D90 (dose delivered to 90% of the PTV) is calculated.
All patients are discharged from the center on the same day of the procedure between 6-8 hours of implantation.
To decrease rectal toxicity, transperineal hyaluronic acid (HA) injection into the peri-rectal fat is used to consistently displace the rectal wall away from the radiation sources in all patients. We believe that the increase in distance (mean 2 cm along the length of the prostate) will be enough to provide a significant radiation dose reduction from HDR brachytherapy [11, 12] .
Hyaluronic acid
The Hyaluronic acid (HA) is a polysaccharide normally found in human tissues as a component of the connective tissue. Normally, it plays a vital role on the skin and in the synovial fluid of the joints. It is normally degradable by the normal enzymatic system in relative short time. However, to make it last for months when used for the treatment of skin wrinkles and osteoarthritis, the compound is modified making it stable for duration close to 1 year before it is reabsorbed by the body. Only one type of HA is used in our Department (Restylane sub-Q).
The total injected amount is related to the need for systematically creating a minimum of a 2 cm space between the prostate and rectum throughout this length. Usually, we use between 6 and 8 cc per patient
Technique of hyaluronic acid injection
The injection technique of HA in the perirectal fat occurs before all needles are in treatment position according to the following procedure.
• Step 1. The transrectal ultrasound (TRUS) probe with the transperineal template is placed and fixed in the standard fashion.
• Step 2. Using TRUS guidance, the needle tip is placed in the perirectal fat ( Fig. 5 ), between the posterior prostate capsule and the anterior rectal wall, at the level of the maximum transverse diameter of the prostate (reference level). Then under direct TRUS guidance, the needle tip is advanced to the level of the seminal vesicles.
• Step 3. The needle is connected to the syringe containing of HA. After aspirating to be certain that we are not in a vessel, we proceed to inject between 6 and 8 cc within the space between the seminal vesicles and the apex of the prostate. This is performed under TRUS guidance to see and verify the new space created by the injection of HA (Fig. 6 ). The total injected amount allows us to create the new space >2 cm.
• Step 4. The needle is removed and all needles treatment is placed under TRUS Guidance. It can be performed as an outpatient. After the discharge from the theater clinic, the patient continues normal-life activities 
Results
In our Centre a total of 70 patients have been treated with this technique and is the first in the medical literature using in patients with favorable risk prostate cancer. Our technique has the great advantage of being practically a one-time procedure which prevents any movement of the needles.
In our series acute and late genitourinary toxicity grade 2 or more was not observed in any patient. The median of flow rate test pretreatment in our study was 12.5 ml/s (3-30 ml/s) but acute urinary retention was seen in only 1 patient, requiring a temporary postimplant bladder catheter during seven days, this results are better than other investigators [13] [14] [15] [16] .
The lasted follow-up visit the sexual preservation rate was 89% in patients who were potent preoperatively and not receiving hormonal therapy, this result is similar to that other investigators.
The late grade I genitourinary toxicity caused by our treatment was significantly associated with the dose administered to the PTV represented by D90 (p=0.050).
In our study no gastrointestinal toxicity, such as anal pain, rectal bleeding, diarrhea, anal ulcer and/or rectourethral fistula has been observed after treatment. We believe that the increase in distance between rectum and posterior prostatic capsule created by the peri-rectal injection of hyaluronic acid is enough to provide a significant radiation dose reduction from HDR brachytherapy and have significantly smaller incidence of mucosal damage [11, 12] .
The actuarial biochemical control in our series was 100% and 88% respectively for low and intermediate risk groups at 32 months, but is too early to draw final conclusion respect to biochemical control.
Conclusions
High dose rate brachytherapy as monotherapy in one fraction with a transperineal hyaluronic acid injection into the peri-rectal fat to decrease rectal toxicity for patients with favorable risk prostate cancer is feasible and very well tolerated with advantages compared to LDR and HDR brachytherapy as monotherapy using the fractionation schema of 4 fractions administered 2 times daily during two days.
HDR monotherapy in one fraction resulted in a low genitourinary morbidity and no gastrointestinal toxicity but clinical and biochemical control rates will be reported as longer follow-up.
